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Dementia is among the most feared complications of aging in the U.S. In this issue of Neuron, Yamazaki et al.
(2014) present a tour de force mechanistic analysis of a ‘‘hit’’ from a proteomic screen carried out using a
Drosophila mutation that affects memory.It has been known for almost 40 years
that cAMP-dependent protein kinase
(PKA) plays a role in learning and memory
in the vinegar fly Drosophila mela-
nogaster. dunce was the first learning
and memory mutant; it was identified in
the Benzer lab at Caltech and later found
to be defective in cAMP phosphodies-
terase activity (Dudai et al., 1976). Starting
in the late 80s, workers in the field
identified alleles of Drosophila catalytic
unit 0, DC0, encoding the catalytic sub-
unit of PKA, which showed impaired
memory performance (Kalderon and Ru-
bin, 1988; Skoulakis et al., 1993). Memory
in the fly depends on PKA activity in the
mushroom bodies, brain centers with
some functional similarity to the hippo-
campus. Intriguingly, both large de-
creases in PKA activity, as well as PKA
overexpression, inhibit memory perfor-
mance in young flies.
Whereas much of the energy expended
by Drosophila biologists in the last cen-
tury has been focused on development,
attention has increasingly been directed
toward ways of using the fly to model dis-
eases of aging. Flies do show age-related
declines in performance on olfactory
memory tasks. Previous work by the
Tokyo group used a 1 hr olfactory para-
digm that shows age-related memory
impairment (AMI) in the fly. These authors
previously observed improved AMI in
aged heterozygous DCO mutant flies
(Yamazaki et al., 2010). One might be
tempted to conclude from this observa-
tion that PKA is an aging-associated
gene, but neither cAMP nor PKA
accumulate in aged animals. This obser-
vation suggests that there must be other658 Neuron 84, November 19, 2014 ª2014 Epathways by which aging-related genetic
changes give rise to AMI by acting
upon PKA.
To get closer to the real culprits hijack-
ing memory, Yamazaki et al. (2014)
compared protein expression of wild-
type and the heterozygous mutant DC0
flies that seemed resistant to AMI. Among
the proteins that were both less abundant
in the DC0 mutants and showed age-
related increases in wild-type animals
was the fly homolog of pyruvate carbox-
ylase (dPC). dPC catalyzes production of
oxaloacetate in a reaction referred to as
anaplerotic, serving to restore concentra-
tions of depleted but crucial intermedi-
ates. Yamazaki et al. (2014) identified
lines with transposon insertions in the
dPC locus. These lines had normal life-
span and sensorimotor performance but
less severe AMI. Biochemical analysis
verified that the product of the gene en-
coded at this locus indeed has pyruvate
carboxylase activity.
Non-cell-autonomous mechanisms in
neurodegenerative disorders have re-
ceived increasing attention in recent
years following their demonstration in
models of amyotrophic lateral sclerosis
(Nagai et al., 2007). This is perhaps not
surprising given the bewildering array
of inclusion types observed in neurode-
generative disorders. In the ‘‘Parkinson
plus’’ disorder progressive supranuclear
palsy, as an example, tau deposits are
found in neurons (globose neurofibrillary
tangles), tufted astrocytes, and oligoden-
drocytes (coiled bodies). In another Par-
kinson plus disorder, multiple systems
atrophy, alpha-synuclein accumulates
not in neurons but in oligodendrocytes—lsevier Inc.cells that do not even make alpha-synu-
clein (Murray et al., 2014). Clearly, non-
cell-autonomous interactions governing
response to stress and cell health seem
likely to be at play in disorders in addition
to amyotrophic lateral sclerosis, but ex-
amples of such interactions playing a
role in dementia are lacking. Using a
combination of cell-type-specific driver
lines along with GFP reporters, Yamazaki
et al. (2014) determined that dPC is
expressed in glia rather than neurons.
Glial but not neuronal overexpression of
dPC reversed AMI in heterozygous DC0
mutant flies.
In humans, pyruvate carboxylase defi-
ciency causes lactic acidosis and sei-
zures, but further detective work was
required to understand the effect of dPC
onmemory in aging. Oxaloacatate formed
from pyruvate via dPC is transaminated to
asparate. Both oxaloacetate and aspa-
rate act as competitive inhibitors of serine
racemase, which catalyzes conversion of
L- to D-serine. Yamazaki et al. (2014)
reasoned that since D-serine serves as
an NMDA receptor coactivator, alter-
ations in dPC expressionmight be associ-
ated with memory function via reduction
of D-serine levels. In fact, the ratio of
D- to L-serine declined in aged animals.
Perhaps most surprising, AMI was
ameliorated by feeding flies D-serine.
Moreover, the memory impairment
caused by glial overexpression of dPC
was reversed by feeding D-serine.
The experiments reported in this issue
of Neuron suggest a surprising and novel
non-cell-autonomous mechanism regu-
lating AMI in the fly. It can be difficult,
however, to extract the significance of
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neurobiology and convey them to the
neuroscience community at large, let
alone the lay public. Howdoes the elegant
work of Saitoe and colleagues help us in
understanding dementia? First of all,
they do not suggest that a run on the
D-serine aisle at the health food store is
in order for the forgetful; there are far
too many differences between the fly
system andmechanisms of human cogni-
tive impairment to warrant its use as a
supplement. What is fascinating to
consider, however, is that NMDA receptor
activation that is crucial for memory in
the healthy adult animal may be deliber-
ately downregulated by neuronal-glial
crosstalk in aging. According to this
model, in aging, PKA-associated neu-
ronal activation augments glial PC, which
puts a brake on D-serine synthesis. Thismay in turn feed back to inhibit NMDA
receptor activity as a neuroprotective
mechanism. While the precise mecha-
nisms whereby this occurs are not set
forth in this issue of Neuron, Yamazaki
et al. (2014) do provide the background
for further experiments defining the de-
tails of this and related interactions and
clarifying their role in AMI in contexts
apart from olfactory memory in the fly.
If indeed glia are playing a modulatory
role in dementia, rather than acting as
passive nursemaids of sick neurons,
then the paper in this issue of Neuron
may represent the advance guard of
work that defines the nature of the
neuronal-glial conversation that regulates
memory in health and aging and, ideally,
exploits this knowledge to generate novel
or improved therapies for age-related
cognitive disorders.Neuron 84, NREFERENCES
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In this issue ofNeuron, Wong et al. (2014) report a remarkable evolutionarily conserved role for theDrosophila
TRPV1 homolog Inactive controlling synaptic growth at larval neuromuscular junctions by facilitating Ca2+
release from the endoplasmic reticulum.Transient receptor potential (TRP) chan-
nels constitute an extremely versatile
family of cation-conducting proteins that
are expressed in numerous excitable
and nonexcitable cells. TRP channels are
uniquemultimodal cell sensors that sense
the outside world but also the extra-
and intracellular environment facilitating
diverse functions. TRP channels are also
multimodal signal integrators, such that
the response to one input is modified by
another. TRP-mediated Ca2+ signaling is
used in multiple ways; it triggers specific
intracellular Ca2+ signaling cascades,
changes the membrane potential modu-lating the driving force for Ca2+ entry path-
ways, or activates tightly voltage-depen-
dent Ca2+ channels (Gees et al., 2010).
The main dogma has been that most
TRP channels exert their functional ef-
fects as plasma membrane channels.
However, many TRP channels are also
found on diverse intracellular mem-
branes. TRP vanilloid 1 channels (TRPV1)
represent one example for the potentially
divergent roles of an individual TRP chan-
nel found on both the plasma membrane
and an endomembrane.
TRPV1 channels sense diverse signals
including temperature (>43C), protons,some endogenous lipids, and capsaicin,
the spicy compound of chili peppers
(Gees et al., 2010; Venkatachalam and
Montell, 2007). Inflammation shifts the
activation threshold of TRPV1 channels
downward causing an inflammation-
induced hypersensitivity, making them a
potential target treating chronic pain
(Basbaum et al., 2009). TRPV1 knockout
(KO) mice confirmed their critical role for
the detection and integration of painful
chemical and thermal stimuli (Caterina
et al., 1997). TRPV1 channels are highly
expressed in neurons of the dorsal root
ganglion (DRG) and trigeminal ganglionovember 19, 2014 ª2014 Elsevier Inc. 659
